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ABSTRACT 


The basic parameters and boundary conditions for 
solution of the equilibrium equations for a viewport in 
a deep submersible are defined. A likely solution method 
1s chosen and investigated in order to determine its 
applicability and to learn more of the behavior and 
inter-relationships of the governing equations. The 
difficulties encountered in the chosen solution method 


are explained and another approach is suggested. 
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INTRODUCTION 


Since Piccard's Trieste, almost all deep 
submersibles have utilized small plexiglass viewports 
for observation and control. The governing structural 
mechanics equations for the viewports have not been 
solved and, therefore, the stress state and predicted 
deflections have not been known. The interaction with 
the pressure hull and its reinforcement has also mainly 
been known from finite element analyses. 

The principal investigations of the behavior of 
plexiglass viewports were experimental tests reported by 


Beachiw.c@ = 


These tests included short term loading 
of conical, flat, and spherical windows as well as long 
term creep of conical windows. The data from these tests 
provides sufficient information for safe, large safety 
factor design. It does not, however, provide insight 
into the stresses in the window support or detailed 
information of expected viewport performance and useful 
life. 

Since plexiglass is inexpensive, the viewports have 
been greatly over-designed and the present state of the 


art has been adequate. However, for future, more 


sophisticated vehicles with larger viewports, a better 
al 





understanding of the stresses and deflections in the 
viewports and the resultant interaction with the pressure 
hull will permit a safer and less expensive design and 


greater insight into critical design aspects. 





BACKGROUND 


Most viewports presently utilized in undersea vehicles 
are truncated cones mounted in heavily reinforced openings 
in the pressure hull. They are held in position by 
mounting rings but the primary seal is simply from surface 
eomour face Contacte lhe Contact surfaces are usually 
polished to ensure a good seal and a 90 degree cone angle 
is utilized. This angle was determined by Piccard to be 
the best design and has been utilized successfully by 
designers since then. The tests by Stachiw have Supported 
the opinion that the 90° cone angle ES (best for facry lic 
viewports. 

It. can be seen that the viewport is similar to a 
thick, flat, circular plate with slanted ends. The stress 
distribution is axi-symmetric and therefore circular 
coordinates should be utilized in forming the governing 
equations. For the coordinate system in Figure, the 
deformation is symmetrical around the z axis and therefore 
all derivatives with respect to 6 are zero and shear 
stresses TL6 and Tg, are zero. 


Timoshenko and Goodier® show that the equations of 


equilibrium therefore take the form: 
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At present most submersibles have moderate depth 
capabilities and therefore do not need excessively thick 
viewports. The desire for good visibility therefore results 
in a design with a thickness to diameter ratio of usually 
less than .5 for the viewport. The fact that Stachiw~ 
only tested viewports with thickness to inner diameter 
ratios of .631 or less illustrates that this is presently 
the major area of concern. Consequently, the compatibility 
equations can therefore be simplifed by assuming plane 
stress. Although this is not completely accurate, it 
Should allow an accurate prediction of the behavior of 
almost all desirable viewport designs. 


The compatibility relations therefore take the corte 
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The strain components, therefore, become: 
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Equations (1) and (2) can be satisfied by expressing 
the stresses in terms of a stress function we The stresses, 


therefore, become: 


‘es & (vio - o 

Sy = S (v9 - “ a) 

ee i G20) vecue ms 
_——_ pa-w9 26 = 8 


=legect, GQ Ener condition that: 


V“V“o = 0 (3) 





These equations apply to a viewport in an undersea 
structure or pressure facility provided the appropriate 
boundary conditions are met. The first and most obvious 
boundary condition is that the normal stress on the 
pressurized face is equal to and opposing the external 
pressure. Obviously, the condition is reversed on the 
unpressurized face where the normal stress is zero. The 
shear stress on the flat faces is also zero since they 
are free. 

The boundary conditions on the slanted ends are less 
obvious. In reality there will be a contraction and 
rotation of the mounting reinforcement with pressure. 
However, since the reinforcement is very thick steel 
with a high modulus of elasticity, it can be safely 
considered as being rigid compared to the plexiglass. 
Since the viewport is not physically attached to its 
mounting, it is free to slide along the mounting opposed 
only by friction and the shape of the mounting. 

Two boundaries on the behavior of the viewport at 
its mounting can be specified. The viewport can be 
SOusLdered sso. be 1 Mglidly £ixedeto @LS' mounting or at Can 
be allowed to slide freely. In the first case, it seems 
that the stresses produced will be higher than the actual 
Situation and the displacements will be lower. In the 


second case, it seems that the stresses produced will be 





slightly lower than the actual situation and the displace- 
ments will be higher. 
The first case is satisfied if all displacements 


are zero at the boundary, 1.e. 


u=w=Qatr=—~>- (F +3zZ) stan < 
The second case is satisfied if the displacement normal 
to the mounting iS zero at the boundary, 1.ée. 
me 
u cos 6 + wsiné@-= 0atrz=—- (+ eZ ape ana 
2 
In seeking solutions of equations (1), (2), and (3), 


Timoshenko and Goodier considered a polynomial form of 


the stress function $? which also satisfied the equation: 


2 2 
Saom ae 2804 1 So 1 8“¢ 
—i +c ch an) 
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This resulted in particular solutions of the form: 


4 a, tz” = ian L) RZ (OG, lo (Geek) (ey ey sla) 


Y ine ih zZ OIL ORES ORNS 


1) 


ands additional solutions¥ofvequations (1) and (2) found 


by multiplying the particular solution by Re where 


2 
R= r? oF 2°. Seesequciew sarc enol lowing possible 





S@lutlLons scans be round: 


0 0 
, = a,z 
>. = a, [22° - 7} 
>. = a,[22° - qe: 
a = a, [82° ey a ae Beal 
oe = a[82° = higpen: eal eee, 
¢. = ap[=p2° - 402%r* 
and 
6, = bo[x? + 2°] 


- 3 2 
>. = b,[2 Zio | 


Ze 


— 4 = 
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= ZS 


Oe = b-[2z Or Zee or. Z| 


4 2 


_ 6 _ = 
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Mimoshnenkowand Good ltonmmeonsiaercd a flat circular 


plate loaded with a uniform pressure on one face. 


boundary conditions were: 


The 
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These are identical to all but the last boundary condition 
for a viewport. 


By assuming a solution form of: 


¢? = ag (aez° O27 > = 302-5 > = 3°) 
+ b, (82° - cea o = 2127r" + 3r°) 
+ a, (82° = Wakes + 3r4) 
+ a, (227 - 3x2) 
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Using the equations for strains given previously we 
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The final boundary condition for the first case for 
the viewport requires that u=w=0atre= a _ (= + Z\ Canoe 
The flat plate solution, however, gives 


=e (=e) 2" tan 9 + (253) 2° tan6 
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+ (733%) a2? tan?e + (A) 27 + (4) A*2? 
8H 8H 
a (53) 2° tan“0 + As) hee wees 
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The final boundary condition for the second case for 


the viewport requires that u + w tandO= 0 at 


D 
r= i= = e + z) tan@j. The flat plate solution, 


however, gives 


u+w tan 6= itv | a, anton + (Jes) cance 2% 
EB 2H 4u° 
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+ (sq =) tans z 2422 a) A pen coe2 + ( — 343") a7 at (7S) a? tan“oz 
32H> 32H 32H 
n2 
3- 2 5Vv 
+ (9) fean + (- =3q) ABE (Oprecraey) 


where A = (Dy - Htan 9). 


Consequently, it can be seen that if these boundary 
conditions could also be satisfied, solutions would result 
which would be dependent on the material properties v and 
E as well as the dimensions Dos H, and @ and the pressure 
P, Since plexiglass is a viscoelastic material the 
properties v and E will be slightly non-linear and will 
be functions of time. In practice, all viewports are 
designed to remain well within the elastic range since 
vision would be greatly distorted even before reaching 
the non-linear response. Consequently, a solution 
assuming that the material is linearly elastic will be 
adequate since the variation in properties of different 
batches of plexiglass makes more exact calculations of 


Tittlesuse. 





SOLUTION WITH SIXTH ORDER 


POLYNOMIAL ASSUMPTION 


In order to satisfy either of these additional 
boundary conditions it is apparent that supplemental sixth 
order terms will be required. Since no other terms are 
possible using the method of Timoshenko and Goodier, 
other forms must be found. The desired forms must 
satisfy equation (3) and two possibilities therefore 
become apparent. Either Toe = 0 or V4 = 0 will 
satisfy equations (1) and (2). 

Probable desired terms inciude sixth, fourth, and 
third order terms. General terms can be constructed as 
follows: 


ae + wee + Bre + Sue 


~- 
tl 


a Be. Tyee sa 


p pz> + qzr 
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O we find: 
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oe a5 

* 3beae sc 
oS i 


Ls 





aie 


ey) 
It 
' 
tw] Oo 
Xo) 
I 
tv] NR 
Hh 


Additional terms can be constructed as follows: 


od = h2° + ia + sa%r4 + kr® 


od = yet + er ee + ae" 


d = sz- + aiee 


In order to satisfy V4 = 0 we find: 


h= - =k 
1 = 24k 

j = -18k 
m= -8n 
l= Sn 


The boundary conditions for the combination of the 


flat plate solution and the additional terms therefore 


become: 
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Me—eWwe-e0 Ola) + wetano= 0 alt r = 51D, ~ (H+22z)tan0] 


The boundary conditions for the additional terms alone 


therefore become: 


T = 0 at 2 -+H 
1 Z 2 

Oo = 0 at 2 238 
74 2 


D 
; : me, wo ae 
a Velat plate — ew eat plate 0 ENE Be (5 + z)tan® 


Or 


1B) 
u + wtand + (utwtan®) 5.4 plate @ at r= - (5 ez) Ean 


For the additional terms to satisfy the first 
boundary condition we find: 
tT. = 0 = (8c - 8vC - 6vb - 144k) Hr 


ra 


+ (-6b + 6vb - l6c + 8vc + 144k) = 


a 2c S29 eat + 32n) 
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Since the constants b, c, k, g, f, and n are independent 


of r, the r? MGC TUS mec each CQudleZer Ome tierclore 


144k = 6b - 6vb + 16c - 8vC 
and 
32n = (6b + 8c)H* + (-32g + 32vg + 4vf£) 


Considering the second boundary condition we require 


that: 
™ = 16 3 
OF aa O = (-4b - <7 c) (+H~) + (8q - 4VqQ + 6p —- 6VvP) 
Therefore 
‘6p (1-v) = -8q + 4vq 
and 
a 
b = 3 
D 
At the boundary r = 5 (= + z) tan 6 


ie 64 32 


4 tan 0 


/ 


GoiemG bee Saas 8vClme tan-o 


+ (8b - 4vb + "Cc = ~ Viele 2 


3 





lage, 


+ (-9b + 9vb -1l2c + L2vc) A“z>tan“6 “5 (05) e} Er 8c)H-z-tand 


+ (Sb -Z.vb+ 6c - 6vc) A“22 


5 tand 


eH o2gGet a2 0G ~ 4f + av£) 2“tano 


+ (-Zb+ Zvb- c + ve)A*z + (-3b - Ac) H“Az 


+ (16g - l6vg + 2f - 2vf)Az + (-2q) z tan@+ (q) A] 


and 


w= 2% [(4b + 4vb + 8c + 2 voy a 


+(-l2vb - l6ve)z*tan“6 LF (-Sb+ Sub - 2c + 2vc) gttan‘e 


+(12vb + Mec is cane + (3b - 3VD + 4c - 4vc) Az ?tan70 


+(-3vb - 4ve)A*z* + (Fb + 7 vb- 3c + 3vC)A“z2 


2+an“0 
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PeGBmeGC He7em+M(4y iM g2vGue> 4 (3b + 4c)Ho2-tan-6 


+(l6g - l6vg + 2£f - 2vf)2-tan~e + (-3b ~4c) H7Az tan 6 





b- 


>| G0 


ZO 
vb+e- ye) A%z tan 9 


+ (-l6ég + 16vg - 2£ + 2vf)Az tanO9+ (6p - 12vp + 8q-8vq)z 
3 5 IL 1 
ae ha 
“pe Mie 0 = Seeclas 


ye) Aa + (Fb+ C)HCAZ 


+ (4g — Ayo + 


No} 


c 1 


2 
5 VL) Amel 


Substituting for p and b we find: 


a ggg. 


5 [(-32g + 32vg - 4£ + AiSieK tan @ 


+ (l6ég - l6vq + 2£ - 2vf)Az 


(4) 


Tt 2 Cee z can o tec | 
and 


=) tev 
E 


P(e sea) 2- ee l6qg © lovat2i = 2ve) z-tan-6 


4y 
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Consequently, it 1S apparent that neither of the 
final boundary conditions can possibly be satisfied for 
the third or fourth order terms using this solution form. 
This occurs because the first boundary condition causes 
the fourth order constants, f£ and g, to cancel in the 
second boundary condition. This produces a relationship 
between b and c which prevents them from contributing 
to the displacements u and w. However, the addition of 
higher order terms may allow all boundary conditions to 


be met. 





SOLUTION WITH INFINITE ORDER 


POLYNOMIAL ASSUMPTION 


In order to investigate this possibility we consider 


a stress function of order n. Therefore 


dO =a gi +b Loe + ¢C gn-4 4 + Mewes 
n n n n 


The terms contain only even powers of r since only even 
powers will satisfy equation (3). Therefore wo and VV" 6 


may be expressed as: 


2 n-2 


Vp = [2-2b + n(n-l)a Jz" * + [4-4c, + (n-2) (n~3)b_ J 27 “x 


+ [6°6d_ + (n-4) (n-5)¢_ J 27 Px" eta 


and 


avian = [2-2-4-4c +2-2-2(n-2) (n-3)b_ 


-4 


+ n(n-1) (n-2) (n-3)a_ Jz” + [4-+4+6-64_+2-4-4(n-4) (n-5) cy 


5S (n-2) (n-3) (n-4) (n-5)b_] 29762 + [6°6-8-8e_ +2-6-6(n-6) (n-7)d_ 


n-8 4 
r 


+ (n-4) (n-5) (n-6) (n-7)c_] z ices 
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Consequently, in order to satisfy 9-4 = Q we find: 


eee 2 een — 3) b pan (n—- ems 2) (ns) 7 


canceeem 44 2-2-4-4 n 
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n 4-4+6-6 Dn | 2-2-4-.4.6.-6 
= 4a 2 ae ac — 4a) (ia ath Ey. 
n 4-4-6-6-8-8 Dn 
Peer 2) (i—3) (4) (n-o) (mn —-o) (n— iis 
2° 2° 4°6-6°8°8 oa 
REG. 
Using Greek letters to distinguish terms, V7 6 = 0 is 
Satisfied if: 
ee a) 
Bn = 22 een 


_ n(n-1) (n-2) (n-3) 


n 2°:2:4-4 n 
7 sien mein=2) (n—3) (4 jaim—5) 2 
n 2°2°4-4-6-6 n 


ece; 
The shear stress a. at any point can therefore be 


represented as: 
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Stes 


The axial stress Oo, can also be represented at any 


point as: 


os > [(2-v) 2-2(n-2)b_ - (1-v)n(n-1) (n-2) a, 


- n(n=1) (n-2)0,]2"-* 


+ (= 8hey) (2) (0 8) At) a, (7s) ee ee 


A oe aj 20 x? 
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a fitoy ge ee b_ 


yi 


A(nelumeo(n=3) (niet) (n=5) (i-6) a 


+ (3=-) 2°2-4-4 n 


(Wel (Ee) ee (MEL. we were) oyial 
- 2-3-4-4 — on ee 


coe 
The displacements u and w may also be represented at 


any point as: 
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EB 2 a, t2 
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mene) mee) (n= se (n=4) Neo 3 
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_ lv _ Wie eh ee n-2 
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epee SIG at La Ed dD b, 
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n 


772.424 (7) 


eae. 

These equations may therefore be utilized to form a 
series of polynomial solutions to equations (1) and (2). 
The ability of this form to produce a solution to the 
desired equilibrium and compatibility equations as well 
as the boundary conditions may therefore be easily investi- 
gated for any desired number of terms. 

Considering a sum of general terms the shear stress 


at z= +5 becomes: 


~ 
II 


rZ . pia 2) 2)) (n= 3) Dee (-1+y) Baa) nee) a, 


n(n-1) (n-2) (n-3) 
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2 foe) hi 2.) a pie al piety . 
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eee 2-2-4 n 
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2°2°4 n i2 
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222 A-le 6 n 
iiss 25 
n(n-1) (n-2) (n-3) (n-4) (n-5) (n-6) (n-7) H i 
fo yd] ES) 
OO Og TS n 2 
etc. 
In order to satisfy the first boundary condition, 1S gm Ios 0 


and therefore each order of r must be independent and must 
equal zero. It can also be seen that even values of n do 
not change sign for z = 43 but odd values of n do change 
Sign. As a result, for each order of r the even and odd 
terms must be independent and must each equal zero. 


Expressing each sum in terms of its lowest order member 


we find: 
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Whenmimsncmmolocmecgunvallients Lr thela terms are 
substituted into the lower order ,equivalents we find that 
each a, can be expressed as a sum of equal and higher 
order terms of b and a. In the event that an ais zero, 
the same order b can be expressed as a sum of an equal 
order term of a and higher order terms of b and a. 
Similarly, 1f£ an a and b were both zero, the same order 
term of a can be expressed as a sum of higher order terms 
Of Db and a. 

Disregarding the flat plate solution and attempting 


PeECene rds SOLUELON ene spOundaryY Condltlonss for ov, become: 


Ome Qat 2 = + 

pe —~Dmat Z == -5 
Consequently, the sums of Oo. terms containing rc’, rf etc. 
must all equal zero at Z = +8 whereas the sums of terms 
which are functions only of z must be non-zero. The odd 
order terms do not change sign for 2 = = or 2 = -=, however, 
the even order terms do. The odd and even sums containing 
r’, 2 etc. therefore each equal zero at Zz = te. The sum 


of odd terms which is only a function of z must therefore 
oye Teeibiall (oe a while the sum of even terms must be equal 
c@ = at 4= _ and - aAClZs — “5. This results in the 


following equations: 
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If the values of "a" satisfying the shear stress boundary 


condition are subsittituted we #ind «or A: 
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By substituting the appropriate orders of a, a, may 
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be expressed in terms of P, b and higher odd 


a? G37 PEt 


orders of b and a. The O. term does not appear directly 
in this expression although all orders of ao do appear. 
Similarly, we find an expression for fourth and higher 


orders of the r-independent sum: 
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In this boundary condition the shear stress boundary 
condition causes all fourth order terms to cancel resulting 
in an expression for sixth or higher order terms. 


The odd sum for terms which are functions of sg 


becomes: 
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It is apparent by considering the higher order terms that 
none of these terms become zero. The even sum for terms 


: 2 
which are functions of r” becomes: 


awe. F n(n-1) (n-2) (n-3) (n-4) 
8 iG\—e eee 00am I) er 6°5°4°3-2°2 


p3(3s-v) (n=6) +4 (=2+v) (n=5) (n-6) (n=7) Hw n-8 
2h o7V) (N75) 74 (CH e27TV) (n=5) (n-6, : 


(-2+v) (-2) (-4+v) +2 (3-v) (3-v) JG) ae 


+5 ai(n=z) (n—3) (n-4) (n=6) 
n=10,12,14... 6°5+4-3-2-1 


(3-v)*3+2+14 (-2+v) (-2) (-44v) (n-5) (n-7), 278 


(-2+v) (-2) (-44+v)+2(3~v) (3-v) (5) 2 


-8 
-(3-y) (-2+v)n(n=-1) (n-2) (n-3) (n-4) H a 
TS 6-5-4.2-2[ (-2+v) (-2) (-4+v) +2 (3-v) 2] [L-(n-5) 1 (5) 2 
i= lO 1 


Nn 


ee 


Once again the lowest order terms cancel. The same type 


behavior is found for terms which are functions of a rae 


re, etc. 
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several important characteristics appear in these 
equations. The odd order terms of fifth order or higher 
result in an expression of b in terms of the same and 


higher orders of a only. Since the third order terms did 
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not appear in the shear stress boundary condition, a is 
expressed in terms of P, bo, and aterms of third order and 
higher. 

The even terms behave similarly to each other for 
each order of 42. In each case, the lowest order terms 
cancel each other and the next higher order of b can then 
be expressed in terms of the same and higher orders of a. 

These derived expressions for the b terms can be 
substituted into the expressions from the first boundary 
condition. The final result for third order will be an 
in terms of b 


expression for a P, and third and higher 


S SF 
orders of a. For fifth order and higher, the result will 
be expressions for a, and b in terms of a of order n and 
higher. The final result for fourth order terms is an 
expression for ay inecermSsOtmo and G@ oLetourth order 

and higher since the fourth order terms cancelled out of 
the final boundary condition. For sixth order terms, the 
final result is expressions for ae and be in terms of P 

and ® of order six and higher. For eighth and higher order 
even terms, the final result is expressions for a and b, 
in terms of 4 of order n and higher. Consequently, the 


Unevaluated constantsPavanlable to satisfy the’ final 


boundary seonditiaon ‘dre: 
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The above-mentioned behavior of the equations 
satisfying the first boundary conditions combined with the 
previous attempted solution using third, fourth, and 
sixth order terms allows determination of the crucial 
factors which will or will not permit satisfaction of the 
final boundary condition. In the previous attempted 


solution equivalents of b b and a, appeared in 


SOO we A 4 
2 


the 2°, Z, and constant terms of u and w. However, each 


O 


term contained the same relationship between b, and a and 


between by and Oy: As a result, only 2 of these constants 
are useful in satisfying the final boundary condition. The 
cancellation of the sixth order terms in u and w combines 
with this to produce a total of five equations requiring 
satisfaction but only two constants with which to satisfy 
them. As a result, three additional constants are needed 
in order to satisfy the final boundary condition. 

From equations (6), (7), (9), and (16) it can be seen 
that the addition of fifth order terms will introduce 
another constant Ot. to assist in satisfying the final 
boundary condition. In order to satisfy the final 
boundary condition, therefore, two higher order constants 
are needed, 

Since the sixth order terms appear in equations 
(6)e and® (7) as Ob end@rP wand Sinee!’ the#a. coefficilents 


6 


Cancel, higher order terms are needed to cancel the P 





3°) 


3 


multiples of z~ and zt: The next available terms are 


seventh and eighth order but equations (6) and (7) show 


that their introduction will cause u and w to have 2° 


and 2° components. The 2° term will contain only ore 


4 and Oe - 


iba a9 and Ot are utilized to eliminate the P 
multiples of z> and 24 


and the z> term will contain only a 


, the z> and ye terms will be 
unsatisfied. The introduction of higher order terms will 
not solve this problem since equations (8) through (17) 
Show that all higher order terms behave as the seventh 

and eighth order terms and the result would just be the 
raising of the order of the unsatisfied terms in the final 
boundary condition. The only possible way to completely 
satisfy the final boundary condition would require that 
the coefficients of two of the higher order terms cancel 
as the coefficients of a, cancelled. 
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Investigating this possibility for a, we image) seoje 


Erie #6 term in us: 


li) Oe 72 0 


= = | 


E 2 





3(2-v) Oe | #8 tanéeg 


By examination of equations (8) through (17) it can be 
seen that none of the coefficients of O will cancel in u 
OO ee OS e Ag CSU lt ISeimpossible to satisity 


all the boundary conditions for this problem with even an 
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infinite series of polynomials. 

Since the possible values of z are all fairly small 
compared to the radius, the pone nents of u and w at the 
boundary from the two unsatisfied highest orders should 
approach zero as the order increases. Consequently it 
would seem that by taking a sufficiently high order 
equation and satisfying the boundary conditions for all 
but a negligible value of u and w, an accurate approximation 
can be obtained. 

This approach produces a sufficiently small error in 
the final boundary condition but when the resulting con- 
stants are used to calculate the deflection of the center 
of the viewport, it does not compare well to the experi-- 
mental results obtained by Stachiw. This occurs because 
although only the high order boundary condition is 
unsatisfied, the high order term affects the evaluation 
of all lower order constants. This is apparent from 
equation (14). Consequently, this method cannot even 


provide a reasonable approximation. 
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DISCUSSION OF RESULTS 


A solution form for a viewport in a rigid mount is 
proposed which appears to have an ample number of terms 
to be able iS satisfy all boundary conditions. The 
compatibility equations are such that the satisfaction of 
the first two boundary conditions couples the available 
terms so that the final boundary condition cannot be 
Satisfied. Although for high orders the error is small, 
the terms are coupled in such a way that all terms are 
affected. 

icine iia sO 11S dept Gach tO, provade Sdtistaceory 
results is due to the compatibility conditions and by 
the assumption of plane stress. The nature of the 
equations with plane stress is such that it cannot 
accommodate a slanting surface for the final boundary 
een 1 it. ome 

Consequently, even for thin viewports plane stress 
Cannot be assumed in forming an analytic solution. The 
general three-dimensional compatibility equations must be 
It ieeZece andmathies Simplisth Catton OLeasStress £unctions cannot 
be used. 

The equilibrium and compatibility equations can best 
be solved by expressing them in terms of u and w. The 
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equilibrium equations become: 
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Once a solution form is found which satisfies these 
equations, the boundary conditions can be utilized to 


evaluate the constants in the equation. 





RECOMMENDATIONS 


The solution of the aforementioned equilibrium and 
compatibility equations will not be simple. A pre- 
liminary investigation reveals that no simple assumptions 
provide solutions. If no analytic solution is obtained, 
designs can still be safely made using numerical 
techniques but an analytic solution would prove much 
more useful to She ce An analytic solution would also 
provide a great deal of insight into the stresses in the 
reinforced area of the hull which serves as a mounting. 
For these reasons, further work should be done to try to 


achieve a solution to this problem. 
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